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(54) ANALOG/DIGITAL CONVERTER AND SEMICONDUCTOR INTEGRATED 
CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
analog/digital converter that can enhance bit 
precision while suppressing the chip area and 
power consumption. 

SOLUTION: In the analog/digital converter 
adopting a pipeline system comprising cascade 
connection of a plurality of a small number of 
bits of analog/ digital conversion stages, the 
analog/digital conversion stage 1041 of the 1st 
stage is configured with a sub analog/digital 
converter circuit 1002 that converts an analog 
signal before conversion into a digital signal in 
(m+n) bits and outputs the digital signal of the 
low-order n-bits to a post-stage, a sub digital/ 
analog converter circuit 101 that converts the 
digital signal of high-order m-bits converted by 
the sub analog/digital converter circuit 1002 into an analog signal, a subtracter 
circuit 102 that takes a difference between the analog signal before the 
conversion and the analog signal from the sub digital/analog converter circuit 101, 
and an SHA(Sample and Hold Amplifier) 103 that amplifies a difference from the 
subtracter circuit 102 by a prescribed amplification factor. The digital signal in 
(m+n) bits from the sub analog/digital converter circuit 1002 is a digital signal 
obtained by the 1st stage 1042. 
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(57) [Sti] 

[sue] j-y^&fi&m^mgmjicDmmzwifflv^ 

■oe? h»ff«>iRj±S:Hix5A/DaE«»Srli«-t-S. 

J^SM LT 4 5^ 7*7 V^Ti&T) A/D ^^t^*5 
t^T, Uifl)A/D^f-^l 04 111, ^§uO 
T-j-atf^Z ( m+n ) hOT^/HtJftcKft 

^ffl^i--5-9-7'A/D^|H]BSl 00 2 -fr^A/ 
D£ftlslttl 0 0 2-CSElft$^fc±fifcmCy h»f'^? 
/Hf *SrT^o ^«-g-^aE»i-5*^D/A«lWHlK 1 

oit, Mmrtc ^(g-§- t-y-^D/A^giiHiKi 

jg^lslSS 1 0 2 Oj«t*«:3f^ffiFI-*l«-*-* S H A 1 0 
3 £ Sr*-T5 1 & tic, ■Q-7A/Dm& : ®9& 1 00 2© 
(m+n) t*y ^x^/Wf-^-SrflJ^-r — 1 0 4 
2 T-# "bilker <s 5 t -T 5 i 9 t*J« Lfc <b »t- 
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l J 'ht's' l-roA/D^T-^5:MS 

2gl«roA/D^f- i^fi, ig7f-^ii>b 
A7j£*tS77-n?*{f^§-£-n hC07=^i?Mf ^-(^ 
& LT^S^x-i>(Cffi^i-S-^^A/Di£^(H]S&^ , 

T^n^^g&i-Slf^D/A^&IIIg&i:, ±I5bu 
7=— v^<b A^J $ ix5 T -7- p ^(t * t ±|Ef-^D / 

(m+n) t's/ hCOx> ? ^/Hf-§-(C^-r2)i:<h'b 
(CTfin hC0x^^/Hf-*^m^7"-^tcm73l- 
31r7"A/D^&[H]Sgi, !£-9-yA/D§E&l!ISgT'^& 
$ *L7c±{im If -7 h «f^^/Wff^7 ^" n i/ft"^!^ 
m-r^-^T-D/A^lHlSSt, ±IE^HUCOT-7-D^f 
_blE*^D/A^[5]K/!>^cOT-7-n ^f§ -5§-CDM£ 

Z^-tZbth^. ±IEf"^A/D^|p]SSco (nH- 
11) t'y VOt^s? Mt^te^Wi^T— VT-nhfttzy* 

5A/D« t 

y KfflC0D/A^lH]S§T-fo'9, 

ite-y-^D/A^Esg, agHESS, fc-tiflfiUfHisi 

f^-^^tfi^ KB#fC_LfE1ryD/A$&|5]S& 
(0±W.iiitiW±{c itm Ltz mffii: * -y '< > 9 frb 3 1 # & 

t i-5lt*« 1 iEiftcD A/D^&3§„ 
[ft*Jl3] ^A/D^^x-^llATD^ixST-T- 

1 Xfi 2 (CIS^CO A/D^t^ic 

[IfjfcijU] ifE^&tDA/D^&^-r-v^^T^ 
*t3-t>;:/A/D£gll5]g&li, 1 *fwS*mJESrSfet7>fi) 



D^[aISSr'fc€)i: t tie, ifEffifct^WcOit^ 
SHn^ffJit = 3:2:1:1:2:1:1:2:3 
!^*J5Sc £ tbT 1/ ^ S r k Z&Wt k -f 1 X Wt 2 

«CDA/D^&S§„ 

~ 4 <nisitx,Mzt?M<7> A/D^Ms^tStt htiX\< ^ r 

k k -t z ¥-mfrmm®®<, 

[000 1] 

mm^^mm i,xmm?mmz.mirz><, 

[00 0 2] 

i?&mmwcffim&mi.xts: v ztih^^-^^^u 

4 yWiW-^-ttZ) w k T*3r^t"s/ hSco-rV v'^/Hb 
-5§-£#5;"W S;cd A/D^&gg^nifg $ tit 

wCOJ;o^A/D^^^co^^Ti4, Fd^Lti. 5: 
fi^A "A10-b20-Msamples/s Analog-to-Digital Convert 
er," IEEE J. Sol id-State Circuits, vol. 27, 1992, 3C$R 
B "A55-mW, 10-bit, 40Msample/s Nyquist Rate CMOS AD 
C, " IEEE 1999CICC, Analog Devices, Inc. x 3$£Xf, %f 
i¥l 0- 1 7 8 3 4 5-%-t£k'lZ.ffl7ik£tiX\,^Z> 0 

[0 0 0 3] SCttAfCgfl^^tvT^-SA/D^^ti, 
Ull 1 iZTjk-T X 0 IC, s^-fy-i >W)ft-fZ>9&<DA/ 
n^&^'r—Je&mi-ZkVX, &A/D%$k*7- — 
i?6 (iA73T-7-n ^ff -§-$r 3 u-</WT-^$tb5 1 . 5 b 

i tco^v^^/Hf^-i^^-f ^ihyADClH]K2 ~ 

Sg3t, A73T-7-n i /{f-§-^t J ±fE-t)-^ , DAC[5]S&3CO 

z\(Dmm\t^2m^mvx^n-r^^^ • 

*-»b*m$£m5kfrbmtft£tlZ>o rco«j5gid;"9, 
A73T-7-n ^f-§-{i#A/D^X^-^6 5riijl1-5 
r.*£IC_k{i 1 . 5t> h-foxv'^/Mf^^m^iXT 
l^t, g&COA/D^m^X-v^e^STl 0 fc's' hCD 

[0 0 0 4] ^fc, ^B(cM^^ttT^-5A/D^m 
S(±. (HI 2lC^i-J: ^COA/D^^.^—^ 
6 11^, 3 \fy 4 70*)-? A-QCm&l 1 tf-T'D 
A CIhISS 3 1 title, -ertLlcj^ 

A<75t,CO<t O^t^A/D^^f— -^T-l^— tfy hco 

x^^/Hf-*^#Sr i*5T-#5t i tie, itt^A 
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[000 5] ifc, ftffiW- 10-17834 5 ^^ffl^ 

roA/DfWli, mi 3l:§tJ:?i:, if^r-v> 
10 4 1 ©-^yADClHlKl 0 0 1 IzXKl^^^iXtz 
1 . 5 fc'y hco^v^/Wf-i-S:, ftgco^x — v> 10 4 
CONT'D A CHSSl 0 1 t.I:jol^TT-}-ci;^§-§-tC^&-t 

4 /4^A^I $tb5T^-n ^{f -i-^^^ L-ca^f 
#6i9lcmj&Lfc<b<0-C£>3„ *^'ADCdIS&l 0 0 
WM<0^3I!h]S&1 0 2T-#btL5«^f^(^^5 
x^^Mf^-5r5fe[H]'9 LT^J&L&tt^ftibft^co 

[0 00 6] Hi 1 -^11 1 2 CO A/D^&gsT-te, #A 

812 — ^7"DAC[H]SS3 — t-sT'lV-*.— /is 

1 SCO^-T^T-ft, 2®l^|^COA/D^^7 L -v > (7?^ 
V "r j 1> ;\"<*-ts*K 1^7"DAC[hIS§1 0 1 -MgHSSl 
0 2-^->zf>^%~ frYT^-fb tMt£Z>im-%'<*. h 
L<te, V 7r l^*ji^0S§-f-:/ADC(El8§l 0 0 

^^<^5 o ^tt^X-A/D^m^^ftiST-ft^^ 
it 5 t m & 5 ir ^ 5 $ij £• 5 „ 
[0 0 0 7] 

tVT^SA/D^m^tCO^Tt, #J;tt;fl Ofy MR 
m^b 1 2 try hflfg^t t*y hffl*W[^±^H^^T 

[0 0 0 8] 11 1 1^11 3{C^-f-A/D^^g|(Cio^ 

[ 0 0 0 9 ] m 1 2 i;*tA/DfMB> 
•^•A/D^tSfy M&£3 tfy hi#t'y Mbl" 
*x-C?l£S££i#^£-flctr-;/ hfil,g£-hff 

[0010] L^L&^ib, IDl 2C0A/D^&tST- 
<ODAC|5]S§t>|53ttlf~#fc'y hibL^tmf^^^^t 



l/^BaM^#,5 o ^©^-r— ^C0ih^DACHISS3 1^ 
jg#lH]SS4titt, A/Dg&^CO h-^/UCOt-y hfjfg 
tmm<Dl%&. m*-til 2fc*y ^COA/D^ST-fil 

2 try hm&tf&XZtiZAK rco± 5 fti«f«tcotti7j 

^C0DAC[HlSST'{iefet*^C0Kit^ib'O#C0fcJt)l 2 
t*y Mf»^J*^SilT'fe5 0 
[0 0 1 1 ] Zmtztb, 1 2 try K»S*#^tc(±, 

C0DAClH]B&5rffl^5r £(^5„ '^9Wmkv> 
DACIHSSfcdoi/^T, JftS*ft^i-?)^cofi, =r>X> 
-^coiti^aT'fc'?, #fy h-fb-rSi5i:-\ «t^f' 

[0 0 12] t£-ot, ^^7^— -^coDAClHlSSSr^t-: 

tm*- (^lJx.«3f"y hT'^Kllf-i-T-fctLti 1 6<@& 

con VxV-^/lv^fmtf&b-r , £*®«coif;*:, 

[0 0 13] ;ico3PJcoSittf4, f 7^itffi«^>M» 
*^)(OiiiD^ffl]$iJL-o-ot-y H»BEcorfi]±^l21tl?)A/ 

[0014] rco^ejcotecos^ti, f-y7mm*?mm 

mtXOmU^U LooS^ t-y hifS^T'T-^n ^*lf 

[0015] rco^B^cOBulE^bt/tc^rCOfSd^cog^it 
Sf«.^#®(co^T«i, *l^*ffl»colE^*5j:t/gsiiMlllB 

[0 0 16] 

^B^C0 5^^W^tCOCOSt^^BJ-rtb}i, TIECOt 
Jo 1 ? T-foSo 

[0 0 1 7] -Ttetih. /hb'y hCOA/D^^x-v 5 

IE1S^C0A/D^^^— ^ ^{Ciii-r tX-m^tfy b 
&COt"^ v'^/Hf #^#5^^ ^7-O-^COA/D^ 
^HI^I^T, 2gg«|^COA/DSm^^-^(i, BU 
©X^— ^^A^^ixST^-D^f-^-^n t'y hC0x 
^^/Hl^-lC^mLT^S^^-^lCtB^i-S^^A/ 
D^InlgSi:, Wg^^-^bA^^tt^n t'y hco 

(HlSgt, ilSBU^^x-^^A^^tlST^-n^f-^ 
t-hfEir-T'D/A^lHlSS^fjCOT^n ^{f ^-co^^i 

/D^lHlSScoitt{fffl<0#BSmJE5r3l^-t-5 !i7r 
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ssro mti & s fg* t- - i>T-# h tbfcr-* s? * /Hi <t -f * 

&iiucOT-+n ^Mf-i-Sr (m+n) t*y heOxv^/Hf 
ttTfin try hrox^^/wft-^^g 

/DltlilKT'flJjlfcHmtV hCOx^^/Mf 

ffflK© (m+n) t'7 hOf^/HM-fcJSK*? 1 
-v>T-# <b frfcx * /Hi * 4 -f 5 J; 5 Lfcto 

[0 0 18] r^T% ±E^aro»f^JBiatoVNT, IS) 
1 4{^*UfclHl8S«e!c^*^#fBi¥l-RWi-S. 11 
4 (a) ttHl 3{C*L.fctt*roA/DaHfeS«5«ja~ 
3g:S<75A/D^^-x-v ? <D«fi)c|§l > (b) f**$691 
\z.&z>A/vm8m<r>®Wik 2g|©A/D^r- 

[00191 (^HK^-ri 5 A/D^ 
tM*»w*5^T:tt, 21IH»ffiA/D»7f-v ! (1 
0 4) Si, 014 (a) ro2SiHP|roA/Df^T 
— v 5 (1 0 4 A, 10 4B) iriSiataMftjJStfca. * 

*«wt«aiDaa«>'A/DWfc^V-5? (104 

2) ti, Ell 4 (a) CO#JJS:@ t 2g|»A/D^ 
r-^ (1 04 1, 1 04A) fcllfclcSE^Uifllffci: 
fc5„ oJO, ±lE#atcitLi^ Ell 4 (a) co&Jfe 

-So 

[0 0 2 0] ^(c, **W^«5±E^H:tc:j;ixtf, 
^a^x-^<D-^yA/D^lHlSS^ % fg^r-v'i 
>9#< COt's/ hWH 2fa(Dt*y (nX 

2) ) cOA/D^&£-r5cO-C\ -tco^gTStt's/ h»A 
/Dtft^>^t^T-^f#5 n t ^T*# 5 1 1 "b 

[0021] $e>{c, uja^y-^ro-^^D/Aaeiftig 

Bgfctmfc's/ hT-^rtr/cfc, ^T>/ AWSm^kh. LTit 
V £ # 5 fc IC dr -v A' -> ? SRSSSIcd D A C HISS 
l^fc*-£"C*t>, (m+n) h CO t><0 i it© LT 3 V 

>*K»#£il5ittt«'b{£<>5e5. 8ot, (m + 
n) hrot«>i:Jt»bT«act'>*<, **<>/h$ 

[0 0 2 2] M£ L< Ji, -hl£1>-:/D/A^&[HJSSf;i, 



61. 5 t's/ hfflcOD/A^miilgST-fc'?, ±IE*yD 
;t, *— /u K^lc±iei)-yD/A^lHlS§co±iEc±i^m 

[0 0 2 3] rcoi 5 I'-tf-T'D/A&miHlg&.S- 1 . 5t* 
VTVu*-^ KfM£1-5if*gHI8S £ £ -r ^ 

[0 02 4] JfcitKit -kK1aJSk©A/D£ife* 
x-^td^ftfettSf-^A/D^lslSStt, 1>PJ-C0S* 

3 t-y hcOA/D^SHUKT-foSt £t>(c, ±!EJ&St# 
«©Jfc#» [fift^Wit = 3:2:1:1:2:1: 

1:2:3] let** £ olZ.mi&-+Z> t &\,\ &fttt$life 
<0»«T?K^i-S*s. wtLfdJ; "9, A/DaEtft«*»f>* 
H*Wlc»e>ii,67*^^/Ht-^*, t'y h^l^-g-^-frT^ 

[0 0 2 5] ^^icS*L<(±, ^A/D^m^x-v 5 

[0 0 2 6] *fc, ±fE©«t5*A/DaElft«tt, @#: 
#^**-fSla|j»t LT^*fr*aiH]SSco^HffMi-?> 

«x-r+n A^»fcaaMnBT*>$. 

[0 0 2 7] 

r-fcSA/Dsm^^^-r^isiT-fcSc 
[0028] w©sut«©A/DagiM§»i» wm.mm.ts 

ttfclilSacOA/DS^x-v 5 ! 0 4 2, 1 0 4, 
-, 1 0 4, 1 0 5i, i^Lf>tO#A/'D^^7 i — v? 

1 04 2, 1 04-, 1 0 5a»P>A2>£Jx.5/hf5' hco 
x ^ ^Hf ^-^-^ ^ =1 — KX ^ ^ /HilE Ltmh'y 

h <Ox v 5 ^ /HI *?$:±f$.-t > => —y&'f /H§jE 
08810 7,!:, *»|»©A*T-?-n^fH9-v i n ^-^ 

Wi^tsfyyM-^KTyy (sha) it, 

#@KI-®Jf^^ 5:>-r?r#^S^0 3'^^j5gll]S&l 0 
[0029] /«c*3, ilE-y-v-T'yu*— /uKTvrrm^ 

^tu<7)A^)T-^D^'(i-§-V i n^0T^©A^^'(?y^ 
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[0 0 3 0] » A/Df^r-^ 1 0 4 2 (1, 3 
fcfs/ hOih^ADClEj^l 0 0 2 1. 5\*yb<OD- 
. ^DACEIKl 0 1 t % «*E1K1 0 2 ir, 2fg(7)*>' 

ADCIUSSl 0 0 211 A^T^n^f-§-£3 tf<y b<D 
Tis#Ma^&&LX^>*-?&7 t \/*/\'ffijE&\& 
-■ 1 0 7(C|±i^i"5^ £ fcl^, 3t>h(7)f^/HffO 

1. 5 tfy hSrlU— J*^— 1 0 4 2 (Di^^D A CIhISS 
10 1C, Hi. 5 \fy hSrfta^-r— ^1 0 4{c£t5 

[0 0 3 1 ] t^DACSKl 0 lfl A^J^tbfcl. 

^LT^*lHlSSl 0 2l:^t5o iSjUelSgl 0 2tt* 

ift«r<7>A*T^D^«»*»e>i»-^DAciaKi o ita 

KflMflsIK l 0 3 ttw^»*m*Sr(ft» 

[0 0 3 2] 2g|^jglSWWD^r 
— >>1 0 4lt ^tin^tim— (DhCDX-foV, 1. 5 
h^f/ADCHIBl 0 0i, y 7r U>-^il^[HlSSl 
OOa^ 1. 5 t # ^.h60i^^DAC(HlSSl 0 1 ir, « 
Ml02^ 2fgc0f->7 P /^— KiSBIelBSl 0 
3&<^b#J#£;ft,£o y77^I»100a 

fl .«r&;*7-- ^a»e><o i . 5 tr 5/ h^v^Mf 

CT2o(^#BSmi±*il^LTf-yADClHlSSl 0 0i: 
«*&i"5 0 tyADCBKlOO'14, SuiS:^^— 
■ A^StLfcT^n^ft**:, tt»*ixfc#fiS«Ei:it« 

ft^^/MtjEBKi o 7tW:^r-^^t 
£ c i^^DAClHlSSi 0 lttftre^x— ^^A^Six 

5c H#le]8& 1 0 ^ KiMOslK 1 0 3 

[0 0 3 3] i»A/D^7-^ 10511 
S^x-^^A^$tt5T^n^m^^#BSflj£i;it 

l-JCCfc#»«EEfe3tWL^ADCIsIKl 0 6 

u^iWIIeK&I 0 6a £*»e>«jS;3;h,5 0 
[0 0 3 4] l0S*^*JHS(O 1 O^Su^T-CO A/D^ 
^7-^1 0 4 2, 1 0 4, 1 0 4 3 
l. 5 fc'y h<7>fi^fb£SoT^£fca6. i^lo 
W&^itx?- yZfoi&mB. l"<M%±m 

v\> ^(Dtzab, :of ^A/Dfjl^T-^ 1 0 5 
-Cfl iT-fb^x^y^r. ±PSmj±<tTRSmi±^2mx' 



CI 0 6-^y 7t l^^Wlia»l 0 6 a OXeHS**^ 

[0 0 3 5] _LISA/D^mS^»f^JSS^oV> 

5fci6^[gl?r^-r o (a) CttHiif 10-1 7 8 

3 4 5#IIgl^A/DW(Dl, 2, 3|£:@<7)A/ 
D£tM^-s^*J*0«Sr* (b) {^rac:co^S6fi|(7) 
1, 2gKDA/D^r-^*lT^5 0 
[0 0 3 6] »W4^^5^y*aoA/D 

*yiH»#fcK*-t-S/htry HA/DSEjft&Ii:, rco/h 
\fy hx^^/Hf -§-SrSl/T^n Vm^\z.m7C L,X%(D 

a*^-^<DA^T^u^{f^<t l/TU^U ±B/hfcT 

y hA/D«»iaaM*wttm«at«:i»9«i-wi: 
i>5c mi l^mi 2 fc»"tne*WTtt, ^ftfe/Mf* 

[0037] Hi 4 (a) t*tft*«OA/D«»S 

lt^iit^2o(07T-^:^y':^ottToT^ 
So ir^t>h. »7-v J 10 4KOt7'ADC|Hj|g 
1 0 0 1 t 2g|^7-v ? l 0 4 ACOi^^DACHj^l 
0 1 A, 2S|7f-> f 10 4A(Df/ADC 

03S1 0 0 Air 3SM7- v>l 04BOt/DAClHl 

Ki oiBtas, **L^fnia*K*oT, /htry k^a 

[0 0 3 8] lolOffltll 1. 5b*^M:A/D^ 
*$ttS5E(0A*T-^ci^-g-v i n 1 t. 1. 5t^ 

h(C^tfe$ttfc^^D ACBK 1 0 1 A-C«5c$*Lfc 
T-Tu^m^V d 1 ir^«»[|HlKl 0 2A[:AA^5 
<OT\ IW«3H: J: 0 AA7to ^fff v i n l 
1. 5^ H*lfe»SriSL3l^fc»««*Vs KftS 

[0 0 3 9] 2o@(DjBm S&fcl. 5 try HE* 

**«r^A*T^a^«#V i n l**feJUttf 1. 
5t*5/hXl. 5 hO^&#£^L§|t\fcSilff^ 
Vs2^MI^5 0 tit, S»@iSl0 2BO 

S6fI*V s l^ifffl«*^A*$*tS 0 L#>U ttXtlal 
Ki0 2B(D-AiS : f-l:{l ioBo»t-«M#£&*l 
SSSWTtP^fV i n 2 (=V i n 1) £A/D X 
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T, K/vbJi^tffo^t 1. 5 fc*y hx i. 5 tfy hco 

[0040] y 7r i^^aBRiaKi o o a m 

-^l0 4 1^bA*$ii5f^;Hff(:S^, 7 
n if\t # V i n 2 0>±ffi 1 . 5t> h l^/P 
Sr#Si"St <hl>H. tSUfcl. 5 try h^>®BEu-< 

-* ^S: s e> i . 5 tr y h (c^S'i Lfc 2 L^/utf>#fla«jE 

Srf-^AD Class l OOAIiMtSo tLT, 
BR«BE«rffl^TA/D«*i"5Ci:"C, ^ADCEIK 
1 0 0 Afl±A*7t n /fit V i n 2 1 . 5 

fcfyhxi. 5 try h©A/D*lfc*s*S*t5. 

Ih/ADCEIKl 0 0 A**fett, A^T^o^flT* 
V i n 2 S: 3 If y h C A/D«jfc Lfc 5 *>©Tfi 1 . 5 
try h<5Djf-^sffi;££jft5 0 

[0 04 1 ] -tLT, ^^{ItSrR^T-^tyDA 
C0B1 0 1 B(CTT*^D^f-^[c^7ci-S^-e, A^ 
7to/ftfVin2S:l. StfyhXl. 5 fc*y h<D 
A/D**^e>Tffil. 5 try h»«r«5cUfcT^o^ 
flfVd 2 3&<MUVlHi>ft 1 0 2BMA^£*b£o lot, 
M^IHSSl 0 2Bia UiTtP^V i 
l/5tTyhxi. 5 try h<fc*tfc#**L3IVVfc»* 

ts*v s 2tmt>tiz>o 

[0 04 2] ±IS^*aS(- <t 9 , 014 ( a ) OA/D 

s*6S)S/v^7^^*aoA/D 

[0 0 4 3] *JM«©A/D**«i, 1114 (a) 
^^t"^^J^A/D^^O^S^T--> ? l 0 4 1 t 
2ti^r-y 1 0 4A^lg^r-^lia^U 
Si 4 (b) (C*t*»^»r-^1 04 2t 
Lfcfctf>T?£>5o ffiMW-ti, 114 (b) OlOt^T- 
^10 4 1 Of^AD CIeIES 1 0 0 1 2^g^^- 
^104 AO!)77 U>-*ii£RtEl&§l 0 0a tt^AD 
CHBi 0 0 At?:, Hi 4 (b) o*HJiS0iJ(D 3 fc'y 
hi^ADCHISgl 0 0 2C^Lf:fc(Dt'i)5o 

[0 0 4 4] ±IBC0«t lt^r- VISE'S; Lfc 

rtT% Hi 4 (a) <?)»r-^i2a@7T-^ 
o»il4RI-t>i' ^ /H:tTi3ii5 : 1 1:4 6 1 (Hi 
4 (a ) >-y/U*— KT V^l 0 3 1 fi'F^ift 
5o Sfc* Hi 4 (b) <03 try ht7ADC0K 1 0 
0 2^^m©^x-^{Cttl^$tt5y 5 ^^/^m^-^3 t* 
y HlfOHTttl. 5 try K(DfS^"Cfc9. Hi 4 

(a) <7>1^ADClE]Sg 1 0 0 Art^fcU^itS 1. 5 
tfy h<Dff^£|^— iCftoTl^So 

[0 0 4 5] &>±<DZb7b>b. *n*«oA/Dae«« 

(4. Hi 4 (a) ^A/D««^f-^t2g 

fctiiBH (a) iraatoftf^roa-c^Y^-f 



[0 0 4 6] H2icii, HlO^DAClHlfS, ttSEI 

fcD AC«»«fiBrtiKS!o*>^*— /u KTy/oi 
^H£*1" 0 M (a) tt*0l§IIMftJ&BU (b) tt* 

[0 04 7] r^II^I^j:, 1J-:/D AC08S 101, 
MSHsKl 0 2, fc t t^V^ p yu^-/PKiS*S(HlS&l 0 
3|j:-*Ml:*ot^5o i2Cfc^T, ViT, V 

i BfiE^COA^T^n^ff-^ Vop, V o n tejEA 
(D\^t)T-ru^\t^, VRT, VRBttD/ASSMCffl 

— K«BE, Cpl, Cp2, Cnl, Cn2(i«Iit 
>-^/u • /u KSrfirpfcfe^^^x^-lf , 2 0 4 file 
£SKIb2MMW«* 0sO, 0sl, 0s2f*l. 5 tTy h (D 

fW>lo^ "l" ^troili "0" bftZ) . <t>stt 

a*/U*0sO, 0Sl, 0S2, 0S, 0hte^ p y ^^j&fHjgfg 
S^^lft^^nS^ny^m^^tt-^tlPfflLT^ 

[0 0 4 8] ±ffifltric{d:fe5^T, ^f^iV* 0 

s^*^$tb5^^ yfi^^^ryfCp 1, Cp 
2, Cnl, Cn2t{:i^ AA7tn^ffVi 
T, V i B©fy/y ^iTOffrWrfetLS. A* 
/n/W^0sO, 0sl, 0s2^WI&^tL5^-Y yft . * — 

Cpl, C P 2, Cnl, Cn-2t, Siiiiisry 
7*2 0 4 iT% D/ASEIft, Mt*, *M*-/UK0)lff 

0sO®tB{c^oT^o , 9, >fc — ft* \?s</ls* 4>hbx-< 
A^/u;*0sO, 0sl, 0nl£ttl^ffl<t&oT^5 o 
[0 0 4 9] *-A/hv^0h# "1"M#£<*:, A 
0sO, 0sl, 0s2COStR(Ci 9 A^^v^/Wf 
^(l£i:t3L/^;l/OlE (S2gm£EVRT, VRB£ 
Z<D*pmWEE) ©fUilMayfytCpl, Cnl(7) 

n^f-^-V i T, V i B^bJbl5 3 U^/l'OttlEOfsrtx 

/204©U*iBf*3>'f>fCp2 1 Cn2(7)-ffi 

Ui^tn/flfVop, Von^7tn 
/fit V i T, V i Bfc»L-C2f8Ft*«$*tSJ:5{l 
^ >X>i^C plKp2, 3 >^>1^C n 1 t C n 2 

[0050] z(D±?teuAcmwmmftmM<o*9-i'7 

;^-/UK7yyit #3^tCpl, Cp2, C 
nl, C n 2 {I*tt5^>f 7f->/Ci t)ft^Pil 
-5<DT\ ^-T y^ K^t^^^SOT^t WittT 
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[0 0 5 1] H3l:(J, ±EDAC«J|««6rtJKffi*> 

-/u K7^ AtH**H4Mu A*x^*/Wff-$§-fc:<fc 9 
^£*l£3 i/^uo^, ft/hi/^/i^A;^£;h^<t # 
- {C0sO=l, 0sl=O, ^ s2= 0 t ?iotili *( J ) Ivl 
£9, c f I Ku^/u^A^)^tLfci:#{C0sO=O, 0sl = 
1, 0s2=O i^oTBHH (K) u-^utf* 
A;ft£*Lfc<h£l;:0sO= 0, 0sl=O s 0s2=li:&o 
Tiff*! (L) Ktt6 0 A*7to^flt*OgItt, A^ 
7 f ^/ufs#tBiai"5^T% 0sO==l, 0sl=O N 0 
s2=0(?)I^I:AV i n<-AVR/4, 0sO= 0 , 0 
sl = 1 N 0s2-OWl^(I-AVR/4<AV i n<A 
VR/4, 0sO=O, 0sl=O, 0 s2 = 1 (D^^-iC A V 

1 n < AVR/4 £#3o 

[0 0 5 3] -?:tL^^ N m^JT^P ^(ftAVo fi, A 
*7to^AV i n4r2fSFlC*|fiL, lo, A^x 
^^MffClSDTAVR, 0, -AVR<7)«E$riD*. 
fcfcOfcfcoTSStK ffi^)7tD^f^AVoOWl 

[oo5 4] H4ictt % toaoA/D^ft^-^-^ia: 

ttb*lfc3b i tt/ADC0SSoMM^to 

[0 0 5 5] roHl^^T. Vip, V i nl*JEM(D 
AJjT-fvffB^ V R T, VRBJiIEA^S2pmEE, 

2 0 11 ttJt«fflO*flg«BES:^-r69y-«a. 1 
2a-l 2 dH#flB«ffii:A*T^n^«-^Srifctti-a 
MK^(7)M:S§5, 1 3 0 ttJ£R8 1 2 a ~ 1 2 d (Oftfl 
«-»lw»-5#±ttl. 5fc^hOflfiTfil. 5 1** 

[0 0 5 6] :^)Jjft«m A^T^n^f^H® 
{f-^^^T\ SiSEVRT, . VRB£\EA<£>ftt 

#^»*Lfc#J»«BE*«Jt««l 2(7>Affi«K«ie£ix 
5o Jfc«E» 1 2 "CM:, t*il&S4xfcl»<D#fl8«ffiOj|^ 
tAA7tD^fitAV i n irSritteUT-tOitR^ 

#fi8«ES:*/hT**fcWI^3#i <t 6#B0>Jfctt*l 2 
a, 1 2 aOik*jfe*ICj:i9 3 \fy b<om^<Ooh±& 
1. 5 fc*;y h0>ft*6**j£S*L % r<o_b{ii. 5t'^h 

Oifc«a* £ teOifcttS 1 2 b - 1 2 d 0) Jt*HS* i: 

[0 0 5 7] ±|57^~Sfet2 0 1 Itt, ^<7)}gfet##J 
ifc#3 :2:1:1:2:1:1:2: 3M»:^$*LT 

[0 0 5 8] A/D^lftS^?>*»W^fcV^^^/U 
«#tJttt"*-'<#*HS«fiEtt±IST»0«ES:2 n^«f 



<&«#1-ft*>*> 3 ^/uSr*i"«#tt, -bPSTPSco*I± 
£ 3 Lfc 2 ofl>#«WtEE t <Diti&\z. £ 9 # fc*L* 
ri\ #BB«ffiS:±HTPfiOttffiSr3*^L*:<0-C»±, ft 
»M^a*tL4 2 n|j:tjK5MMufc#flB«E**b»4^T 

PSTPScomffi^3 : 2 : 3 {C»W Lfc«!MtBEa*4MI £ 
*L6o ro#»«BEtt±BSTIS^«BE*8 (=2 3) ^ 

[0 0 5 9] ^oa^T 1 — ^i^^ADCEH^l 0 0 2T* 
tt, 3 tf y hOA/D^*^?TfeiXS^ x aS*«|itt± 

fil. 5tr*h*Tffil. 5 try hOft*fc^fC*ffl 
£*x6fc£>, ¥C:±PgTPStf>®J±£8 (=2 3) izntft 

h(-5>fJT*#*V\ -erT\ JtlEco 3 : 2 : 1 : 1 : 
2:1:1:2: 3 (7>#fdifc£:/BV^l >5 G r.0>$MMJfc 

2 a, 12 a^fit|&*ii6#flR«Eli, XifMBEVR 
T, VRB£3 : 2 : 3 |C^#J Lfc#HS*£E<t ft5 0 
[006 0] Tffii. se^hOfffSritlitS 
JtttSl 2 b, 12 biC*j^$tt5#figa:BEf4 H jecoS 

£3:2: 3 fc"»«Lfc#M«BEt *5. J£S*§5 
12 c, 1 2 c l:ft»Sil5#flatEttt£EVR 1 , V 
R2^3 : 2 : 3 |C$MW Lfc#HMtffifc, JtttS 1 2 
d, 12 dt«|&$tLS#flH«BEf41»mi«EEVR0^e> 
£tf>£2p*EVRB*-CS:3 : 2 : 3(^»JLfc#flS« 
JBEi:*5o ^~C\ ±1B«EEVR1, V R 2 (4. rtt?> 
<7>*ffiMd s S2MlffiVRT, VRB^lfii(7)l/2 
T\ * IBO*ffi^iSJ|S«flEO^ IBWE V R 0 <!r « L < 

[006 1] tibt), Ttti. 5 tfy hO«*S:Wffl 

EiiiLT, «EiH^S2(l«EVRT f VRBC01/ 
2T*iffil. 5 t*y hO^(:j£i:t**i^<yK 4>BB 
t--</K */h^/K^>3l5H35 s RS$ix, ttih<n t m± 

©H£3 : 2 : 3 M##J tt#itE^ft|g$ ^5 j; 5 
l:4ot^5. -t*t^J:9, ±a<tT{4^1. 5 hfy h 
<7>(t*f4, •HCMOiElil- 3 : 2 : 3 T^f<J L 

tzm± ^^zm-tm^ ttev, 1 . 5 tr 5/ h *«^^>r 

^*3S;^A/D«tftib^#foix5 r icfts. 

[O 0 6 2] B5Cli, 2g@K^A/D^f- 
S/tRftbiXfc 1 . 5 b i t*^ADClHlK<0«fiKfl»JSr 
^1"o r(DH*w*3l^Ttt, ^^-®6t2 0 1^^ 

[0 0 6 3] rOl3(Ci3l>Tv VRT, VRBf4jE£<0 
g^mjE, Vip, V i nttflfra^T 1 — v?j6>5>A*SiX 
5E^^7fp^ % 0sO, 0sl, 0s2f±Sug^7^- 
^A»5>AASixSl. 5t>KOr^^fl^3^ 
/Mc^LfcA*'^*, 2 0 1 «SiHttBE*»e>®Eit 
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mmn&m.m&z$Lf&-t& =? y-im, 202 \tAjj/< 

/w*0sO, *sl, 0s2(O&CT*JEJttfc(;:fe5#fig®E 
fciKR-t-S^ 12»i«EJttR». 13(4«EE 

it®S5S 12, 12 *» P><7>« #fc»<5# 1 . 5 f y V (Dim 

1&tn.2 0 1 hxj ?3-m2 0 2 k*\ I! 1 <D !J 7 7 ^ 

xmn®&i 0 0 a zmtfL^x^Zc 

[00 64] 7 -y—fflm, 2 0 1 (4, §4 <£>JfctS8§ 1 2 
- b , 12b, ttt&S 12c, 12c, JtRJi 1 2 d , 1 

)tt5o ^yf»2 0 2ttgra*9 l — ^*>e>A#$;h> 

*/±JtS5^il 2, 1 2(4, mS^x-i^PjA^SftS' 
1. 5 K^b#(CJC£:C-C, HUWifctSSIl 2 b, 1 
2 b , Jt£fcg§ 1 2 c , 1 2 c, Jfctfcgll 2 d, 12dW 

[0 0 6 5] 0 6|C(4, 14 iHSOf-^'ADClHlSg^ 
lwamfe:h,fc«EJfc«»<&Kl9iia&*i-. P@ (a) (4 

z<D®mmf$.®v>—m. a> f4^<^tb^^^i-^^A 

5=- + — hTNfcS. g|7(4, r».«BEJfc«E»l^y 77 U-V 
[0 0 6 6] Cro3g!60ljro*ffitfcik» 12, 1 2 a ~ 1 

2 d (4, y^^atPf »*h/5*s;roitttl§-e*> •? , A 

rjTT-n^f#v i p, V i n^^V >?'-t?>tztb 
V r t 0~V r t 2(Of5rtL7»»Srtt*&i-5^'C y^»2 0 

•^-n^f-§-V i p, V i n t*pm/±roHttEE$-S^5 
= >T>tC i a, C i bi, S«l±c0iEA^*lJ^i-5 

&±mmmm& 2 0 5 1 , t«ai*S:JifLio7 7f- 

t5 7 5'f7y7'2 0 6 ij4»b«fi£$ix5o 
[0 0 6 7] r^JtKS(rj;n(4, t-hfol^i;, $j ' 
i ni^— Hfp/VM0 a z/J5 "1" £ ft 
oT, ^yfyfCia, C i bro-fflIA7j7tD^ 
«#V i p, V i n*«en*P**t5-*. %£gaWMN*' 
2 0 5 5 J: 5 KAmai«]WB«£;ft.-C*£ 

^*b*i*SSS2 0 5roA**^#gr£WEfc>V 7*£;h, 
5o 

[00 6 8] &1^T*, Jtt£B#fli4, fljftl/^;* *int 
t-h^D^Mzii'O" i&SilUBttc, P7 

r i^v^a^^ ^2 o 2<nxi}'rW ^m^t&ic 

C i a, C i bCO— «glC#B8®E7>SRttD$iX, ffiSlCA 
tir-ro rm^v i p, V i n i<£>^«J±;^3l§*L 
5 0 tU, w«S«ffilC*^5#^^6»it««2 0 5 
#iE*«:*IJ£U ^^MS)):7'>f7y720 6t 
<fc 9Jfig£iXj.07 :^£iXT^V=<-y 1 3(ctti73$ 



tL5 0 

[0 0 6 9] H8(C(4, #3PJ£l 0 tfy h©A/D^ 

[0070] isroA/Dti^ii, Jhj*cOA/D^m 
7 fkiDs-tj 7"7-)'v^7-v ! liJ; 9 , iot>Fro 

-^(4 3 t's' KO-y-7'ADClHjSSl 0 0 2cDACif 

mm^mm^^zfj^-juhT^yi o 1 i*»e>«j« 

$*l5. 2~68iro^f- ^(41 . 5t'7h©t7'A 
DClHlS&l 0 0 £DAC«£«tgrtj$Mlfv:^*-A' 
K7y71 0 1 1 frbZti^tvm&ZthZ. 

08S1 0 6i:i 0#*UT^5. 

[0 0 7 1 ] H9tc:^:i-J; pU, 9&A/D£& 
•§1(^4*1,(4, UJ^x-v ? l^*5^T(4, ^ADCIhIK 

i o o 2(4, &mmi±tAJiTi-u yme r k<Dttmm / F 

;«-^K7yyi 0 1 1(4, A* T-T- ci ^ff^ih^ 

[0 0 7 2] 2-611^7- v f (Ciot^-C(4, t7'A 
DC0B1 0 0(4, l»a*»e>A***t5T-^B^(t# 
(»SH3*) fc#JB«ffi£oJt«»fts£, 7^*/Mf^ 

b#(i, DACWHIftrti^lt^*-^ KryT"! 

0 1 1(4, A^TT-n^f-§-c75ir>-^/ullj^£, ge^f 

[0 0 7 3] 7©iro^.7 i — i>cOf-7'AD CIhISS 1 0 6 
(4, IWHiW>e>Aa$iT,ST:J-n^{t-* C»2Sflr-lg-) i# 

a ~s ? iz.mm£itx&mzmmir 0 

[0 0 7 4] M(c, ^•^7 L -v ; (4m)^:^7 : — ^(C^LT 
aEft^ny^wfitffiSrl 8 0° -Tb LT»f^-r5. *L 
T, r<754p^^'<'i'7 p 7^>-li)f^m;0A73$ix5TT' 

^Wici of y h©r^^/Wt^#5r c ^Ul*5„ 

[00 7 5] «±W45(C, roaat«<7)A/D2Eift« 
(^4tK4, *oa^x— ^<0^ ^A/D^lHlSIl 00 2 
^S^.^— v?(75 2f&ro3 t's/ htf>A/D 5 
CDT-, l^-fy hcOxi/^/Hl-^-^^^A/D^^ 
t 1 -: ^T'i5C t7JST-^5i t t>(C, fttt^f-^f 
ft**«Sfc«>» WBW)*^/!'*-^ KJi^SlHlSS 1 0 3 

[0 0 7 6] $b(C, SJg^T 1 — i?<D-y-7A/nm&\3} 
Sgl 0 0 2*5 3 t*y HT-fc5<75(C*f LT, ^g^^-v 1 
WiJ-yD/A^IalK 1 0 1 (4 1 . 5t> h-C-fcrtffc 
i6, S5l/^Sr^*5^fcl-^^/-«->^^MWDAClH) 
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B&«:flH^T<t>, 3t'7 hT*J.oJt»jCODAClHlS§T-fi=> 
»**L <«<»*. bit*. ®m*'Pt£<Xfits 

/ t e=.^r : v^T-is^»aroD/A^m^ : ff^6 <> -tax** 

[0 0 7 7] -tJ-^D/A^lelK 1 0 1 & 1 . 5 

t's' hfflir-TSwirT-, f-^D/A^lsJK 1 0 1,® 
3*018 10 2, *3 Xtf-V- ^7iV-fc—iV KtiflHUSS 1 0 3 
. y^-.K*-r^^*SCKJ: 0 -ftWmrftt Lit 

[0 0 7 8] B10I1. ±fSA/D^&^£xv^/l-* 
5. 

[00 7 9] rwHJl&i^T, 5 1 OliCCD (Charge 
Coupled Device) ft if'CDjt&i^ 5 2 0 ttJHfc*^ 
5 1 0^t©7tD/(|^A/D»t5ADfftffl 
LSI, 5 3 OtiAD^&ffiL S I 5 2 Ori^aj^tl 
5MfexW£gttTx— *&S5rm<:5DS P (f-{ 

ff^Wf**^ 7T'(4, DS P 5 3 OT'BHjfe&S^ 
tlfc®^x-^«^WDA^(s]SS5 6 0-~m^)^tb 
TTtn/MlC^^tl, riX*S7>r^^ 5 7 OSrii 
Uf-r^K 5 8 0tw^$jrT**^tb5i 5{c 

[0 0 8 0] ±|5AD^ffl L S I 5 2 0 (4, *fg>§{?T- 

5 1 O^ffi^ttA^iSS^ I mcAt)£intc7-f-a?° 

(cds) 5 2 1 iri^y v^$Hfc«-§-*rii«-r 
^mw^^y^^^^^^oT^y (pga) 5 

^-t-5±!E^JS0iJWAD^m^ (ADC) 5 2 3 t, £ 

6 $ nf /Ht** u*«HF- o u t i 9 x x^as-- 

ffl*i-SHi*^y7r 5 2 5 tA»e>#fift$ix5. 
[0 0 8 1 ] JilEDSP 5 3 0f4, AD^iiL 

S I 5 2 Qfrh&tlZfrsT'S* i^T— ^{C«LT«S|x.li 
feffijE-^li^^/f if roBlfe^S^^^ 9 HH£>*&3(e]S§ 
5 3 2t, &*£;ftfciIi{fexW£m*gLTfl-&KM^ 

y 5 5 oict&i^Lfc^^y 5 5 oa»e>tt*m$jifcsi 

&f-9 £ff * L/c 0 -*-SBB/#ftl3K 5 3 3 4 ifiz 
[0 0 8 2] JrfE0>«fc ^ftADg&JBL S I 5 2 OlCi 

*u*, ^^7^a^»m^roiti)D^«i«ijLoos^t' 



[0 0 8 3] ELt*&mitlz£<?Tt£2tlt:&m&nm 

[00 8 4] Will *J60tJ-efi, ^©i^ 3 fc*s> hro-x 
yADCBKSr, 2f 5 t"-> hWt7'AD 

C[s]8&£jlffl Lfc#, lDa*2lfy hT?2aa«|**rl 
fc*s> hiLTzD, lUJS*4 1fy hT*2IS:BiWI$£2 Ify 

hi-TSri tB3|55, f-:/DAC[sl8&i®3£fe] 
S&i-y- >-:/;ujj> — /u Kigipg[H]S& £ £ * -v co v 

[0 0 8 5] $Lk<r>WR-e&±b Lr*?swttiot 
$ ftfc*3l3 * - t ©tf * * o fcf Uffl $MTC*> 6 x V s * 
^f;i/*^7©ADfiiL S I troi/>TSft^Lfc^ 

[0 0 8 6] 

<ot&*)X'hZ><, 

[0 0 8 7] i-/£^*>, *^B^(c^9ir, #Jt8:;*x— v> 
©A/D»t*7 (m+n) t'yhtfl^f- 

tHz ± 4 *»«^3 cDifjQ < ft x. -5 r £ tJ5 ffi * 5 t ^ 
[0 0 8 8] x7'D/A^&!h]S8, ttHEIK, *J 

iH]jia«*jt««i/h$ < mmmt>$:i&.<Mx.?)^ t&m 

[0 0 8 9] */c, *»WI-«S*i»f«tt«lHlK(wJ:ix 

[12] m 1 W-T^DAClH]^, ^SlHlK, JoitfxV 

com-e, (a) t4-to|5]|gfl|«H, (b) tt-t©»f^Sr 

[H!3] 0 2O|p]KroAai^#ti^^Lfc^7 7|llT-fc 

[14] ^<7>A/D^#|^-r-v ; IZiS(tbtVfc3 b i 
t t/AD CEJK<0— WSr^-f-HKfllriiBI-CfcS,, 
[i5] 2Wi&yM<r>A/T>$t%k*7—i?\zmihthtz 
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1. 5b i t*^ADCEIK<0-«|S:*i-lH«S«j«ia-C 

f&m. (b) ^(omvf^-t^^^^- h-Tjfc^c 

[13 7] H6^)tlflEtt«»i:y7T^^**ia»0— 

[18] **WS:jSfflLT»ai*l O^y h^A/D^ 
*»^H«l6«IS:*"r«dciaT*fc5o . 
[0 9] H 8 © A/DtM^ifp'feRWt 5 ^ >f 

[Hi 0] ^RWKWSA/DlElfcStafflLfc^^ 

[11 1] /V^9>f^J^aroA/D*«»^»l«* 

[mi 2] ^^-r v**oA/D.aE««^»2a* 

[Hi 4] 3WWlc:«SA/DKtft»iJB3«*«io 

1 2 wEjttts 
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